Dermatophilus-like bacteria were observed in histological examinations of samples of diseased foot skin from greater flamingos (Phoenicopterus roseus) living in zoological gardens in Switzerland. When grown on TSA-SB containing polymyxin B, the bacteria isolated from these skin samples formed hyphae, as is typical for Dermatophilus congolensis, but these bacteria were non-haemolytic. The closest relatives based on 16S rRNA gene sequences were the two members of the genus Arsenicicoccus, Arsenicicoccus bolidensis and Arsenicicoccus piscis. A representative of the isolated strains shared 34.3 % DNA-DNA relatedness with the type strain of A. bolidensis, 32.3 % with the type strain of A. piscis and 34.5 % with the type strain of D. congolensis, demonstrating that these strains do not belong to any of these species. The phenotypic characteristics differed from those of members of the genus Arsenicicoccus as well as from those of D. congolensis. The G+C content of strain KM 894/11
Foot lesions are a major problem in birds kept in captivity, including flamingos and penguins (Nielsen et al., 2010; Erlacher-Reid et al., 2012; Wyss et al., 2013) . Skin lesions were observed on the plantar aspect of the feet of juvenile greater flamingos (Phoenicopterus roseus) living in two zoological gardens in Switzerland. Histological examination of skin samples taken from the feet of juvenile birds with and without foot lesions revealed the presence of bacteria arranged in piles infiltrating the stratum corneum of the epidermis. These structures were very similar to those formed by Dermatophilus congolensis in skin samples (Gordon & Edwards, 1963) but, in contrast to D. congolensis, these bacteria were non-haemolytic when grown on sheep blood agar. Microscopic examination revealed Gram-stain-positive cocci. Only when grown on blood agar containing polymyxin B (Masters et al., 1995) did the bacteria start to form microscopic structures with hyphae typical of D. congolensis, but these bacteria remained non-haemolytic. Although the bacteria exhibited clinical and microscopic features typical of D. congolensis, 16S rRNA gene sequencing revealed that the isolated bacteria were most closely related to Arsenicicoccus bolidensis and Arsenicicoccus piscis. During this study, 20 strains were isolated from foot skin samples of individual birds, and the phenotypic and genotypic characteristics of these strains were analysed to determine their taxonomic position. Based on their chemotaxonomic characteristics and their close genetic relationship to members of the genus Arsenicicoccus, we propose to classify the strains within a novel species of the genus Arsenicicoccus. Areas of 3 mm 2 on the feet of live juvenile greater flamingos were scratched superficially to collect skin samples, and samples were also taken from the feet of juvenile flamingos that died or were euthanized for other reasons. Skin samples were suspended in 0.85 % NaCl and homogenized for 30 s in DT-20 tubes at 6000 r.p.m. using an IKA ULTRA-TURRAX tube drive disperser system. Suspensions and samples from lesions were plated onto tryptone soy agar containing 5 % sheep blood (TSA-SB; Becton Dickinson) and on TSA-SB containing 1000 IU polymyxin B ml
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, and the plates were incubated at 37 u C for 48 h. Colonies with typical microscopic morphologies were subcultured on TSA-SB and 20 strains, each originating from an individual bird, were selected for further identification. Strain KM 894/11 T was chosen as the type strain, and KM 1/12 was chosen as another representative strain.
The 16S rRNA gene sequences of the 20 strains were determined according to the method of Kuhnert et al. (2002) . Sequence analysis revealed 100 % sequence identity for all strains, indicating that they are likely to belong to the same species. BLAST analysis revealed that the strains had the highest sequence identity (98 %) to the 16S rRNA gene of A. bolidensis CCUG 47306
T . Comparative phylogenetic analysis of strain KM 894/11 T and strains of related taxa according to the BLAST analysis was performed in MEGA version 5 (Tamura et al., 2011) . The tree was reconstructed using the neighbour-joining method, and bootstrap values were determined from 500 replicates (Fig. 1) .
Based on the clinical findings and 16S rRNA gene sequences, comparative phenotypic and genotypic analyses were conducted with two representatives of the genus Arsenicicoccus, A. bolidensis CCUG 47306 T and A. piscis DSM 22760 T , and with D. congolensis CCUG 47448 T . The type strain of A. bolidensis was found in lake sediment contaminated with arsenic (Collins et al., 2004) , and the type strain of A. piscis was isolated from the intestinal tract of a fish (Hamada et al., 2009) . D. congolensis is a well-known skin pathogen that infects different terrestrial mammals.
Morphological appearance was assessed after aerobic incubation at 18, 25, 30, 37 and 42 u C and after incubation at 37 u C with a 5 % CO 2 partial pressure or under an anaerobic atmosphere. Gram staining was performed and cell morphology was assessed by light microscopy after 48 h of growth on TSA-SB and TSA-SB containing 1000 IU polymyxin B ml
. The results were compared with those for the type strains of A. bolidensis, A. piscis and D. congolensis. The motility of cells was evaluated in saline solution by dark field microscopy. The oxidase and catalase activities of the isolates were analysed using commercial tests (Becton Dickinson). Additional phenotypic characteristics were assessed using the CBC card from the Vitek2 System and the API Coryne strip (bioMérieux) and were compared with those of the reference strains. To determine the diameter of the cells and to assess their morphological characteristics, scanning electron microscopy was performed as follows. Coverslips were sputter-coated with gold and treated with poly-L-lysine (Sigma P-8920) to promote bacterial adhesion. Colonies of bacteria grown on agar were cut out. These samples were fixed in 2.5 % glutaraldehyde (Merck), dehydrated using an ascending ethanol series and dried by evaporation of hexamethyldisilazane (Sigma) (Braet et al., 1997; Ting-Beall et al., 1995; Stoffel & Friess, 2002) . The coverslips were then mounted on metal stubs using conductive carbon adhesives (Provac AG). The samples were sputter-coated with 20 nm gold (BalTec SCD004; Leica Microsystems) and imaged using a DSM 982 Gemini field emission scanning electron microscope (Zeiss) at an accelerating voltage of 5 kV and a working distance of 6-8 mm. Scanning electron microscope analysis was performed at the Division of Veterinary Anatomy affiliated with the Microscopy Imaging Center (MIC), University of Bern, Switzerland.
Cells were Gram-stain-positive, non-motile cocci. The catalase test was positive, and the oxidase test was negative. The isolates were able to grow on TSA-SB at 37 u C under aerobic, microaerophilic and strictly anaerobic conditions. Very weak to weak aerobic growth was observed at 18, 25, T and its taxonomic neighbours. The tree was reconstructed using the neighbour-joining method in MEGA5 (Tamura et al., 2011) . Bootstrap values are shown at each node as percentages of 500 replicates. The 16S rRNA gene sequence of Bacillus subtilis DSM 10 T was used as an outgroup.
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International Journal of Systematic and Evolutionary Microbiology 63 30 and 42 u C. At 37 u C, the colonies were yellow-white and convex with a flaky surface and scraggy borders. Formation of hyphae up to 10 mm long was observed by light microscopy of Gram-stained cells and electron microscopy when the cells were grown on TSA-SB containing polymyxin B (Fig. S1 , available in IJSEM Online). After 2 days of growth, the cocci/hyphae ratio was 90 : 10; after 3, 4 and 5 days, the ratios were 80 : 20, 60 : 40 and 50 : 50, respectively. After this time, the cocci/hyphae ratio seemed to stay stable at 50 : 50. D. congolensis forms hyphae on both plain TSA-SB agar and TSA-SB containing polymyxin B, whereas A. bolidensis is able to grow on both media but does not form hyphae on either. A. piscis is not able to grow at all on either of these media. Several differences in biochemical reactions distinguished the isolates from the type strains of A. bolidensis, A. piscis and D. congolensis (Table 1 ).
The G+C content of the DNA, the cellular fatty acid composition and the peptidoglycan structure of strain KM 894/11
T were analysed at the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany). Analyses of polar lipids and respiratory quinones were performed by the Identification Service of the DSMZ.
The DNA G+C content of strain KM 894/11 T was determined by HPLC according to the method of Mesbah et al. (1989) . The DNA G+C content was 71.6 mol%, which is higher than the DNA G+C contents reported for the genus Dermatophilus (57-59 mol%; Samsonoff et al., 1977) Fatty acid analysis was performed using GC (http://www.midiinc.com/). The most prevalent fatty acids in strain KM 894/11 T were iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 v7c and/ or iso-C 15 : 0 2-OH) and C 18 : 1 v9c. These were also the most abundant fatty acids in A. bolidensis CCUG 47306 T . A. piscis DSM 22760
T contained iso-C 15 : 0 , anteiso-C 15 : 0 and C 17 : 0 and D. congolensis CCUG 47448 T contained C 16 : 0 , C 14 : 0 and C 18 : 1 v8c as predominant fatty acids (Table 2) . Polar lipids were extracted from 100 mg freeze-dried cell material using chloroform/methanol/0.3 % aqueous NaCl (1 : 2 : 0.8, by vol.) (modified from Bligh & Dyer, 1959) . The extraction solvent was stirred overnight, and the cell debris was pelleted by centrifugation. Polar lipids were recovered in the chloroform phase by adjusting the chloroform/methanol/0.3 % aqueous NaCl mixture to a ratio of 1 : 1 : 0.9 (by vol.). The polar lipids were separated by two-dimensional silica gel TLC (Macherey-Nagel art. no. 818 135). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.) and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). The total lipid material and specific functional groups were detected using dodecamolybdophosphoric acid (total lipids), Zinzadze reagent (phosphate), ninhydrin (free amino groups), periodate-Schiff reagent (a-glycols), Dragendorff reagent (quaternary nitrogen) and a-naphthol/sulfuric acid (glycolipids). The full details are given by Tindall et al. (2007) . The polar lipids found in KM 894/11 T were phosphatidylglycerol, one unknown aminophospholipid, one unknown glycolipid, two unknown phospholipids and one unknown lipid.
Respiratory lipoquinones were extracted from 100 mg freeze-dried cell material using the two-stage method described by Tindall (1990a, b) . Respiratory quinones were extracted using methanol/hexane (Tindall, 1990a, b) , followed by phase separation into hexane. Respiratory lipoquinones were separated into their different classes by TLC on silica gel (Macherey-Nagel art. no. 805 023) using hexane/tert-butyl methyl ether (9 : 1, v/v) as the solvent. UV-absorbing bands corresponding to the different quinone classes were removed from the plate and further analysed by HPLC. This step was carried out on an LDC Analytical HPLC system (Thermo Separation Products) fitted with a reversed-phase column (Macherey-Nagel; 26125 mm, 3 mm, RP18) using methanol/heptane (9 : 1, v/v) as the eluent. Respiratory lipoquinones were detected at 269 nm. Strain KM 894/11
T contained MK-8(H 4 ) as the predominant menaquinone (86 %) and smaller proportions 7.4 0.9 2.7 0.9 *Summed features are groups of two or three fatty acids that cannot be separated by GLC with the MIDI System. Summed feature 3 contained C 16 : 1 v7c and/or iso-C 15 : 0 2-OH.
Arsenicicoccus dermatophilus sp. nov.
of MK-7, MK-7(H 4 ) and MK-9(H 4 ) (4, 2 and 2 %, respectively) and an unidentified component. ) is also the predominant menaquinone in D. congolensis (Stackebrandt et al., 1983) and in the genus Arsenicicoccus (Collins et al., 2004; Hamada et al., 2009 ).
The peptidoglycan structure was determined according to the protocol of Schumann (2011) . The total hydrolysate (100 u C, 4 M HCl, 16 h) of the peptidoglycan of KM 894/ 11 T contained the amino acids LL-diaminopimelic acid (LLDpm), glycine, alanine and glutamic acid. The isomeric form of Dpm was determined by TLC according to the method of Rhuland et al. (1955) . The amino acids in the peptidoglycan hydrolysate were quantified by GC/MS after derivatization to yield N-heptafluorobutyric amino acid isobutyl esters. The identities of all amino acids were confirmed by agreement between their gas-chromatographic retention times and those of authentic standards and by the characteristic mass spectrometric fragment ions of their derivatives. The molar ratio of the amino acids in the peptidoglycan hydrolysate was as follows: 1.5 Ala : 0.8 Gly : 1.0 Glu : 1.0 LL-Dpm. After hydrolysis under milder conditions (100 u C, 4 M HCl, 0.75 h), the hydrolysate also contained the peptides L-Ala-D-Glu, LL-Dpm-D-Ala, LLDpm-Gly and D-Ala-Gly. Based on these data, it was concluded that KM 894/11 T belongs to the peptidoglycan type A3c LL-Dpm-Gly (type A41.1) according to the system proposed for the characterization and representation of peptidoglycan types (http://www.peptidoglycantype.info). This peptidoglycan type is consistent with those of A. bolidensis (Collins et al., 2004) and A. piscis (Hamada et al., 2009) , whereas D. congolensis belongs to the type A1c mesoDpm direct (type A31; Hamada et al., 2010) . DNA-DNA hybridization was also performed by the DSMZ. Cells were disrupted by using a French pressure cell (Thermo Spectronic), and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was performed as described by De Ley et al. (1970) with the modifications described by Huss et al. (1983) using a Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with an in situ temperature probe (Varian). Hybridization was performed at 69 u C. The DNA-DNA hybridization results revealed that KM 894/11 T does not belong to A. bolidensis (34.3 % relatedness to the type strain) or A. piscis (32.3 %), the closest relatives based on 16S rRNA gene sequence analysis, or to D. congolensis (34.5 % relatedness to the type strain) according to the recommended threshold value of 70 % DNA-DNA relatedness for the definition of bacterial species (Wayne et al., 1987) .
The findings of this study show that the novel strains differ phenotypically and genotypically from both the members of the genus Arsenicicoccus and D. congolensis. Nevertheless, the close relationships based on 16S rRNA gene sequences, DNA G+C contents, fatty acid profiles and peptidoglycan types suggest that the novel strains belong to the genus Arsenicicoccus. These strains can be distinguished from A. bolidensis and A. piscis by biochemical and morphological characteristics. Based on the genotypic and chemotaxonomic relationships to Arsenicicoccus species and these strains' ability to form hyphae and to infiltrate skin, which are characteristics unique to D. congolensis among these species, we propose to classify these strains within a novel species of the genus Arsenicicoccus, Arsenicicoccus dermatophilus sp. nov. This novel species may play an important role in the development of pododermatitis in birds, and its discovery should allow better diagnosis and control of this disease.
Description of Arsenicicoccus dermatophilus sp. nov.
Arsenicicoccus dermatophilus [der.ma.to9phi.lus. Gr. n. derma -atos skin; N.L. masc. adj. philus (from Gr. masc. adj. philos) friend, loving; N.L. masc. adj. dermatophilus skin loving].
Cells are Gram-stain-positive, non-motile, facultatively anaerobic cocci, about 1 mm in diameter. When grown at 37 u C on sheep blood agar containing 1000 IU polymyxin ml
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, cells form hyphae up to 10 mm long, visible by light and scanning electron microscopy. Grows aerobically and anaerobically and at 18, 25, 30 and 42 u C. Positive for production of catalase, gelatinase, Ala-Phe-Pro arylamidase, L-proline arylamidase, pyrazinamidase and alkaline phosphatase and reduction of nitrate. Positive Ellman reaction. Variable reactions are obtained for acid production from Dglucose (1 of 20 strains negative). All other reactions tested using the CBC card from the Vitek2 Compact System and the API Coryne strip are negative. The most abundant fatty acids are iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) and C 18 : 1 v9c.
The type strain is KM 894/11 T (5DSM 25571 T 5CCUG 62181 T 5CCOS 690 T ), and strain KM 1/12 (5DSM 255725CCUG 621825CCOS 691) is a reference strain. These strains and 18 other strains were isolated from the feet of greater flamingos from two zoological gardens in Switzerland. The DNA G+C content of the type strain is 71.6 mol%.
